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OPTIMIZATION OF EXTRACTION METHODOLOGIES FOR CONDOM 
LUBRICANTS AND ADDITIVES IN THE PRESENCE OF BIOLOGICAL 
FLUIDS 




Over time, criminals have become more aware of the different types of trace 
evidence that are capable of being identified by forensic analysis.  As a result, the frequency 
of actions taken to prevent the transmission of evidence, specifically biological fluids and 
subsequent DNA evidence, with the usage of condoms in the commission of sexual 
assaults, has increased.  With the increased use of condoms, comes the increased awareness 
and probative nature of forensic analysis of the potentially unique chemical profiles 
residues may leave behind.  This includes the identification of lubricant type and of any 
additives that may be present, such as spermicides, flavoring or topical anesthetics.  The 
two predominate condom lubricants are polydimethylsiloxane (PDMS) and polyethylene 
glycol (PEG): PEG, a water-soluble lubricant, is soluble in polar solvents, such as 
methanol, while PDMS, a silicone-based lubricant, is reported to be soluble in non-polar 
solvents, such as hexane.  
A total of thirty condoms representing eight brands, each of a different type, were 
evaluated by Attenuated Total Reflectance - Fourier Transform Infrared Spectroscopy 
(ATR-FTIR).  It has been reported that PDMS is the more prevalent condom lubricant 
compared to PEG; this trend was reflected in this small subset of products.  Of the thirty 
condom lubricants analyzed, twenty-five were PDMS (approximately 83%), six PEG 
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(approximately 7%), six glycerol (approximately 7%) and one “other” (approximately 3%).  
A direct extraction method was developed to isolate the lubricant from the condoms.  
Following the direct extraction of the condom lubricants from ten condoms of different 
brands and types containing PDMS, the extraction capabilities of three solvents: hexane, 
methanol and methylene chloride, in the presence of blood and saliva separately, were 
evaluated.  Two different biological fluid/lubricant sample types were created: liquid 
suspensions of lubricant, biological fluid and solvent; and contrived casework samples 
consisting of a mixture of lubricant and biological fluid dried onto a cotton swab.  Hexane 
was capable of isolating only the PDMS lubricant in the presence of biological fluids.  In 
an effort to extract and identify the water-soluble lubricant PEG and any additional 
additives, two Trojan condoms marketed as containing the spermicide nonoxynol 9 (N9) 
and one Durex condom marketed as containing the topical anesthetic benzocaine were 
obtained.  Methanol was used as the direct extraction solvent as much of the published 
literature has determined that additives, such as spermicides and topical anesthetics, are 
often found in combination with PEG, which must be extracted in a polar solvent.  
Although capable of extracting the lubricant PEG, PDMS, and the N9 from the condoms 
directly, the presence of biological fluids prevented the successful isolation of any condom 
lubricants or additives with the use of methanol.  This extraction study established the 
solubility of PDMS in both methanol and hexane as well as the limited solubility of PEG 
in methanol.  To identify a solvent capable of extracting both lubricant types as well as the 
spermicide additive N9 in the presence of biological fluids, the extraction capabilities of 
methylene chloride were assessed.  In the literature, methylene chloride is often used to 
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eliminate a two-step, or two-solvent, extraction for condom lubricants.  The isolation of 
PDMS and N9 had mixed results when using methylene chloride as a solvent.  PDMS and 
N9 were successfully isolated and identified in one of the Trojan brand spermicidal 
condoms, but not the other, most likely due to a difference in concentration of N9 in the 
two condoms.  Only PEG could be isolated in the Durex condom marketed as containing 
benzocaine using methylene chloride.  In the blood and saliva/lubricant contrived casework 
samples extracted with methylene chloride, the PDMS and PEG in the respective condoms 
were isolated but N9 was not. 
An evaluation of solvent extraction efficiency was made by comparing the ability 
of each solvent to isolate condom lubricant and additives in the presence of biological 
fluids.  Methylene chloride was found to be the most effective solvent when compared to 
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1.1 Background  
1.1.1 Principles of Trace Evidence Examination  
Locard’s exchange principle is at the crux of forensic trace evidence analysis.  It 
states: whenever two objects come into contact, an exchange of material occurs between 
the two; also known as “cross transfer” (1). The identification of trace evidence from an 
assault can help provide probative linkages between the victim, suspect and/or crime scene.  
1.1.2 Forensic Relevance of Condom Lubricant Identification 
Television shows like Crime Scene Investigation (CSI), have resulted in a 
phenomenon in the criminal justice system known as the “CSI effect”.  The CSI effect 
explains how jurors hold unrealistic expectations of forensic evidence; believing that each 
case must produce evidence “to a near certainty” (2). As a result jurors also regard said 
evidence with increased scrutiny (3).  With the omnipresence of the CSI effect, criminals 
are effectually becoming smarter.  Condoms are used in sexual assaults in an attempt to 
minimize biological evidence left behind that could later connect the perpetrator to the 
assault.  When there is a lack of biological evidence in cases of sexual violence, forensic 
science can still provide linkages between the suspect and victim, including the residues 
left behind by a lubricated condom.  
As a result of increased public awareness and knowledge of sexually transmitted 
infections (STI), and the subsequent fear of contracting one, the STI effect emerged (4). 
According to the Centers for Disease Control and Prevention (CDC), as of 2018, 16 states 
enforce laws that criminalize human immunodeficiency virus (HIV) exposure, which 
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includes charges of reckless endangerment and attempted murder (5).  The identification 
of condom lubricants can serve to corroborate or refute an individual’s account of exposure 
to an STI or sexually transmitted disease (STD) by the absence of condom use and thus the 
absence of condom lubricants collected and detected on intimate swabs. 
In summation, where there is a lack of biological evidence, condom usage may 
potentially yield a chemical profile unique enough to create an “associative link” (6) 
between suspect, victim and other potential evidence. The identification of condom 
lubricants on an intimate swab can be used to indicate penetration, which may affect the 
charges filed in a criminal court of law.  
1.1.3 Early Case Studies 
Two early cases out of the Naval Criminal Investigative Service (NCIS) Regional 
Forensic Laboratory in San Diego, California highlighting the relevancy of the 
identification of condom lubricants were described by Blackledge and Vincenti (7). The 
first case involved a sexual assault in which a condom was used.  Despite the disposal of 
the condom by the time the suspect was interviewed, the identification of “condom 
lubricant traces on evidence items was considered essential for verification” (7). In the 
second case, the suspect was positive for acquired immunodeficiency syndrome (AIDS) 
and claimed a condom was used during consensual sex whilst the victim asserted otherwise 
(7).  In this instance, the recovery and identification of condom lubricant traces recovered 
from a vaginal swab following medical examination would have proved valuable if a 
criminal case was pursued. 
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1.2 Condom Usage  
 The American Journal of Men’s Health published in 2008 a study by K.C. Davis 
that reported in a survey of 34 heterosexual males, 29.4%, (n= 10) of perpetrators of sexual 
aggression reported always using a condom; 29.4% (n= 10) reported inconsistent use (of a 
condom); and 41.2% (n= 14) recounted never using condoms during acts of sexual 
aggression (8).  
In 2013, E.N. O’ Neal et al.  reported that frequency of condom usage in assault 
complaints ranged from 11.7% to 15.6% as reported to the Los Angeles Police Department 
(LAPD), the Los Angeles County Sheriff Department (LASD) and the St. Louis 
Metropolitan Police Department (SLMPD).  The case files used in this study included: a 
large, representative sample of the sexual assault incidents reported to the LAPD, all of the 
reported sexual incidents reported to the LASD in 2008 and all of the sexual assaults 
reported to the SLMPD in 2004 (4).   
Both studies also sought to identify linkages between alcohol consumption, the 
infliction of sexual violence, and condom usage.  It was concluded that as alcohol 
consumption increased, condom usage decreased. 
 
 1.3 Condom Production  
According to the Food and Drug Administration (FDA) Establishment Registration 
and Device Listing, as of October 2019, there were 42 condom manufacturers worldwide 
(9). In totality, there were 94 establishments associated with condom production from 
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manufacture, repackage and relabel, specification development, contract manufacture and 
so forth (9).   
In 1998, the U.S. Department of Health and Human Services issued a 510(k) 
Premarket Notification: Guidance for Industry for latex male condoms.  According to this 
document, FDA approved condoms must adhere to the American Society for Testing and 
Materials (ASTM) Standard Specifications for Rubber Contraceptives (Male Condoms), 
D3492, as well as International Organization for Standardization (ISO) standard 10993 for 
the Biological Evaluation of Medical Devices as it pertains to male condoms (10).  
Manufacturers must provide a statement of identity and intended use whilst special labeling 
is required for products containing a spermicidal lubricant.  Finally, the 510(k) requires a 
complete summary of the “compounded latex formulation” and the “compounded 
formulation condom additives” (10). These condom additives, per the 510(k), includes the 
type of lubricant applied to the latex sheath, if the condom is in fact lubricated.  
 
1.4 Condom Composition  
1.4.1 Condom Sheath 
The condom sheath may be made of latex rubber, plastic (11), polyurethane (12,13) 
or natural materials such as sheep caecum (13).  The latex rubber structure used in condom 




Figure 1.  Structure of cis-1,4 polyisoprene. 
 
1.4.2 Lubricant  
Condoms may or may not be lubricated.  Lubricants are added to increase 
sensitivity and reduce friction during intercourse.  There are four types of lubricants: 
silicone-based or polydimethylsiloxane (PDMS), polyethylene glycol (PEG) based, water-
based, or oil-based (15). These lubricants may be classified as either “wet” or “dry” (13). 
Wet lubricants are water based whereas dry lubricants are typically a silicon-based oil 
(7,13).  
1.4.2.1 Polyethylene Glycol (PEG)  
PEG (Figure 2) is a water-soluble lubricant; thereby rendering it a “wet” lubricant.  
PEG is a clear, viscous liquid of low molecular weight and is often used in combination 
with a spermicidal additive (14,16). Extraction of this lubricant in a bi-phasic mixture 
results in its isolation in the aqueous fraction (17). As a result of its polarity, which results 
in rapid absorption, PEG is unlikely to be recovered in samples collected from a sexual 
assault unless collected immediately. 
 
Figure 2.  Structure of Polyethylene Glycol.  (n refers to the number of -OCH2CH2 repeats in the structure). 
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1.4.2.2 Polydimethylsiloxane (PDMS)  
PDMS  (Figure 3) is a silicone-based, “dry” lubricant which may also be referred 
to as simethicone or dimethicone (7). PDMS has a viscosity of approximately 200 
centistokes (cSt) (7) rendering it relatively “sticky" as a result. There is a linear relationship 
between the lubricant’s viscosity and its siloxane chain length: the longer the chain, the 
higher the viscosity.  It is the differing chain lengths of PDMS which allows for the 
differentiation between polymers from different manufacturers (18). PDMS is the 
predominant lubricant type used in condom manufacture (19); in 2009, it comprised 90% 
of the United Kingdom’s condom market (20). Extraction of this lubricant in a bi-phasic 
mixture results in its presence in the organic fraction (17). PDMS tends to persist in the 
vaginal vault longer compared to PEG as it has been detected 24 hours after intercourse 
(7).   
 




1.4.3 Spermicide  
Spermicide is an additional form of contraceptive that may be added to the 
condom.  Nonoxynol 9 (N9) is the sole spermicide approved for use in the United States 
of America (USA) and may be found as an additive in both male and female condoms 
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and other contraceptive products (6).  N9 is added to condoms as a spermicide because it 
readily reduces the number of active sperm, thereby decreasing the risk of pregnancy in 
the event of condom breakage (10).  N9 is a chemically complex mixture of amphiphilic 
compounds; meaning it possesses both hydrophilic and hydrophobic structural features 
(21). Due in large part to its structure and non-volatility, there are a number of difficulties 
associated with the identification and analysis of N9 (21).  
 
Figure 4.  Structure of Nonoxynol 9. 
 
1.4.4. Additional Additives 
Condoms may also contain additional additives that are used to enhance an 
individual’s experience (22); these additives can also serve as an additional measure for 
identification and individualization.  Warming agents include methanol, methyl 
salicylate, capsaicin (23,24).  Topical anesthetics such as benzocaine or lidocaine are 
often employed as desensitizers in climax control or extended performance condoms 
(23).  In flavored condoms, flavoring agents contribute to both flavor and aroma (24).  
Flavoring agents have been identified using direct analysis in real time - high resolution 
mass spectrometry (DART-HRMS) including: vanillin (Mates Vanilla condom), 
isoamylacetate (Fantasy Banana condom), and carvone and thujone in mint flavored 
condoms of five different brands (25).  
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1.5 Previous Condom Lubricant Studies  
A number of studies have been conducted regarding the trace identification of 
condom lubricants and additives using a variety of analytical methods.  Figure 5 provides 
a timeline of the published studies relating to this topic. 
 In 1983 Blackledge and Cabiness were able to identify sixteen petroleum-based 
lubricants using gas-liquid chromatography with synchronous fluorescence spectroscopy 
(26).  The fluorescence patterns from different samples were similar in general shape but 
varied in intensities and products from different manufacturers bore chromatograms 
capable of being distinguished.  As a result, this combination of analytical methods was 
able to uniquely characterize each of the sixteen samples.  
In 1994 Blackledge and Vincenti established a protocol for the extraction of PDMS 
and N9 for analysis via Fourier transform infrared (FTIR) spectroscopy.  This study also 
included the microscopic identification of insoluble constituents of condoms such as corn 
starch and talc.  Finally, desorption chemical ionization / mass spectrometry (DCI/MS) was 
used to conclude that condom lubricants of different viscosities could be differentiated 
from one another (7). 
In 1995, Blackledge compared the viscosities of multiple PDMS standards and ten 
brands of PDMS lubricated latex condoms by Fourier self-deconvolution - infrared (FSD-
IR) spectroscopy.  Each of the PDMS standards were able to be differentiated from one 
another and the condom lubricants were determined to have viscosities ranging from 100 
to 350 cSt (27).   
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In 1995 Conti et al.  employed a technique using 1H-NMR, proton nuclear magnetic 
resonance, for the detection of PDMS.  Their work confirmed the range for identifying this 
compound as 0.0426 to 0.0440 parts per million (ppm) and two case study samples gave 
figures within this established range (28).  
In 1998 Douglas et al. sought to determine the detection limit of talc in starch/talc 
mixtures and condoms using scanning electron microscopy (SEM).  The detection limit 
of talc in starch was determined to be approximately 0.2%; for condoms, the sensitivity 
was approximated to be 0.12 mg talc/condom (29).  
In 1999 Hall worked to establish a direct liquid-liquid extraction technique to 
separate PDMS and starches from condoms followed by FTIR analysis.  This study was 
conducted in an effort to determine how long lubricants could be detected after intercourse 
from anonymously contributed vaginal swabs (30).  
In 1999, Hollenbeck et al. sought to identify nonoxynol 9 on internal vaginal swabs 
by liquid chromatography electrospray ionization mass spectrometry (LC ESI-MS), 
nanoelectrospray ionization (nanoESI) mass spectrometry, and high resolution matrix 
assisted laser desorption ionization - Fourier transform mass spectrometry (MALDI-
FTMS)- all of which were able to identify trace amounts of the spermicide (31). 
In 2001 Thomas et al.  used desorption - ionization on silicon coupled with mass 
spectrometry (MS) to identify spermicides and PEG from both commercial products and 
post-coital samples (32). 
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In 2001 Lee et al.  developed a methodology using nuclear magnetic resonance 
(NMR) spectroscopy which was capable of distinguishing between sexual lubricants 
produced by various manufacturers (14).  
In 2001 Maynard et al.  sought to differentiate fifty lubricants using fluorescence, 
diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS), gas 
chromatography - mass spectrometry (GC-MS), liquid chromatography tandem mass 
spectrometry (LC-MS/MS) and pyrolysis - gas chromatography/mass spectrometry (Py-
GC/MS).  Of the fifty samples, eleven could be uniquely identified.  Within the publication, 
the authors provided workflow schematics for a hexane extraction for non-polar 
components, such as PDMS, and a methanol extraction for polar components, such as PEG 
(15). 
In 2003 Wolfe and Exline used Raman spectroscopy and Raman chemical imaging 
to determine the Raman accessibility of some of the most common materials found in 
condom lubricants such N9, PDMS and PEG, in a manner that eliminates extensive sample 
preparation and multi instrument analysis (13).  
In 2004 Wilder Smith reported at the Fifty Sixth Annual American Academy of 
Forensic Science meeting the use of PGC-MS for the detection of N9 developed by E. 
Dougherty and C. Bommarito of the Michigan State Police Forensic Science Division (33).  
In 2005 Burger et al. analyzed sixty-eight different condom and personal lubricant 
products using micellar electrokinetic capillary chromatography (MEKC) with ultraviolet 
(UV) absorbance detection.  It was concluded that the combination of capillary 
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electrophoresis (CE) and chemometric data treatment was able to efficiently distinguish 
different products (34). 
In 2007 Campbell and Gordon sought to develop an alternative method for the 
identification of condom lubricant residues.  A method of PDMS detection using PyGC-
MS was established whilst a GC-MS method was established for the detection of PEG 
using post-coital swabs, clean swabs and standard solutions (35).  
In 2009 Coyle and Anwar applied Fourier transform (FT) - Raman spectroscopy to 
condom lubricant analysis and evaluated the effect of the analysis on downstream 
deoxyribonucleic acid (DNA) analysis.  It was concluded that sample pre-treatment did not 
have a detrimental effect on the recovery of DNA product and the quality of the profile 
(20).  
In 2011 Spencer et al.  utilized matrix assisted laser desorption ionization - time of 
flight-mass spectrometry (MALDI-TOF-MS) to identify condom lubricants in the 
presence, as well as in the absence, of biological fluids including saliva and seminal fluid.  
The method was capable of classifying lubricants according to basic lubricant type as well 
as additives including nonoxynol and benzocaine (23). 
In 2012, Musah et al.  established a direct analysis in real time - mass spectrometry 
(DART-MS) method for the identification of condom lubricants, N9 and trace biological 
residues.  This DART-MS methodology proved both efficacious and advantageous due to 
the absence of sample extraction or preparation required (6).  In a separate 2012 publication 
Musah et al.  used GC-MS to successfully identify N9 from neat samples, condoms and 
spermicidal jelly (21).  
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In 2012 Cho and Huang demonstrated the use of FTIR to identify components of 
thirty-five condoms purchased around Taiwan.  The composition of the condoms analyzed 
by FTIR was identified: latex, PDMS, PEG and glycerin and the chemical additive 
benzocaine (36).   
In 2013 Tonkin et al.  evaluated the effect of environmental conditions on the 
persistence of lubricants on the skin.  The samples were analyzed using GC-MS and it was 
concluded that the greatest persistence occurs in low temperature conditions and in the 
absence of direct sunlight exposure (37). 
In 2013, Mirabelli et al. employed desorption electrospray ionization - mass 
spectrometry (DESI-MS) in the detection and characterization of the chemical 
components found in six condoms of various brands.  The brands were able to be 
differentiated based on the characteristic composition and relative intensities of each peak 
in the mass spectrum.  DESI imaging in the analysis of fingerprints contaminated with 
lubricant also yielded valuable physical and chemical information (38).  
In 2013 Moody developed a biphasic liquid-liquid extraction method for condom 
residues.  The extracted residues were analyzed using DRIFTS and starches were observed 
using a polarized light microscope (PLM).  Two additional studies were conducted- a time 
course study as well an efficiency study of the developed procedure in the presence of 
various biological fluids (17).  
In 2015, Mirabelli et al. sought to classify ten condoms of various brands by 
DESI-MS and easy ambient sonic-spray ionization - mass spectrometry (EASI-MS).  
Pattern recognition was achieved by using two chemometric techniques- linear 
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discrimination analysis (LDA) and soft independent modeling of class analogy (SIMCA).  
High prediction abilities were observed with both mass spectrometric analysis methods; 
the best results were achieved with EASI-MS (39).   
In 2016 Maric and Bridge characterized thirty-three water-based lubricants using 
direct analysis in real time - time of flight mass spectrometry (DART-TOFMS).  Statistical 
analysis was used to classify the lubricants into general groupings as well as subgroupings 
including the presence of an anesthetic, flavoring components, and “sensation enhancing” 
additives (36).  
In 2017 Maric et al.  analyzed ninety lubricant products advertised as either 
silicone-based or water-based condoms using DART-MS. Multivariate statistics were 
applied to identify “chemical diversity” amongst the products using both major and minor 
chemical markers (40). 
In 2017 Mousfata and Bridge analyzed thirty-three sexual lubricants and personal 
hygiene products using DART-TOFMS in an effort to develop an analytical methodology 
to discriminate between the two (41). 
In 2017 Proni et al.  developed a methodology using direct analysis in real time -
accurate time of flight - mass spectrometry (DART-AccuTOF-MS) to detect nonoxynol in 
vaginal fluid.  Recommendations were provided relative to sampling, sample preparation, 
instrumental tuning and spectral analysis as well as a time course evaluation (42).  
In 2017 Pingale identified three lubricant types: PDMS, PEG and glycerin using a 
gas chromatography - flame ionization detector (GC-FID) (43).  
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In 2018, Baumgarten et al. established a preliminary classification scheme for 
silicone-based lubricants by DART-TOFMS.  The framework for the classification 
scheme was based on the most discriminating and specific peaks able to individualize and 
classify unknown samples for the successful in the differentiation between silicone-based 
lubricants (22).  
In 2019 Tottey et al.  sought to identify the persistence of PDMS condom lubricants 
on the penis and skin as well as in the vagina and mouth following a hexane solvent 
extraction and analysis via PyGC-MS. Findings included: the persistence of PDMS on the 
penis for up to 20 hours; PDMS in the vaginal vault for up to approximately 28 hours; 
PDMS in the oral cavity for at least 4 hours if the volunteer did not eat or drink and 9 hours 
if the individual slept; and PDMS on the skin for up to 24 to 52 hours with variation (44).  
In 2019 Coon et al.  employed DART-HRMS in combination with chemometrics 
to profile and categorize one hundred and nineteen different condoms which represented 
sixteen total brands with the purpose of establishing a spectral fingerprint for each brand 
(25).  
In 2020, Burnier et al. compared spectroscopic techniques- infrared and Raman 
spectroscopy- for the detection of the silicone-based condom lubricant, PDMS.  Five 
different FTIR sampling techniques were assessed, including: ATR, micro-ATR, DRIFTS, 
transmission and microtransmission.  For the analysis of casework samples, DRIFTS was 
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1.6 Sexual Assault Evidence Collection Kit (SAECK) 
1.6.1 SAECK Collection  
If a sexual assault has been reported, a variety of items of evidence may be 
submitted to the laboratory for analysis.  A sexual assault evidence collection kit (SAECK) 
may be collected at the request of an individual.  SAECKs may be collected by a trained 
sexual assault nurse examiner (SANE) or other members of the hospital staff who may not 
have received training specific to SAECKs.  SAECK collection includes a documentation 
stage which begins with receiving patient consent and includes a narrative report, physical 
examination and treatment.  Samples that may be collected include, but are not limited to: 
a known blood sample, oral swabs and smears, fingernail scrapings, external genital swabs, 
vaginal swabs and smears, clothing and samples for toxicological screening.  A series of 
photographs are typically taken together with sample collection.  
When a several of items of evidence have been collected following a reported 
sexual assault, analysis will begin with the most intimate evidence items available; this 
type of evidence includes those collected in the SAECK.  
1.6.2 SAECK Processing  
When SAECKs are submitted to a laboratory they are processed for the presence 
and identification of biological fluids.  Swabs may be tested for acid phosphatase, a 
component of semen; if positive, a microscopic slide will be prepared from the sample and 
examined microscopically for the presence of sperm.  In addition, testing may be conducted 
for the presence of amylase, a constituent of saliva; and items with a reddish/brown 
coloration may be tested for the presence of blood.  Clothing or other miscellaneous items 
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will undergo a visual examination under natural light or using an alternate light source 
(ALS).  Following examination with an ALS, stains that exhibit fluorescence may be tested 
for any of the above-mentioned biologicals.  
A criminalist or forensic biologist may use their discretion in forwarding samples 
to the trace evidence examination for condom lubricant analysis if no biological fluids are 
detected and it is believed a condom may have been used in the commission of the alleged 
assault.  
1.6.3 Conclusions  
Samples from the SAECK may be examined, processed and analyzed to identify 
the presence of various biological fluids including blood, semen and saliva.  Samples that 
have been identified as containing biological evidence will then be forwarded to the DNA 
unit for source identification.  
  When SAECK evidence fails to produce biological evidence, trace evidence 
examination for the presence and identification of condom lubricants or other personal 
lubricants can be used to indicate penetration, and perhaps identify the specific lubricant 
type and/or brand of condom or lubricant used in the assault.  
 
1.7 Research Objective  
In an effort to increase the body of knowledge available for the isolation, detection 
and identification of condom lubricants and additives in the presence of biological fluids, 
the objective of this research was to optimize extraction methods by evaluating the efficacy 
of various solvents.  Attenuated total reflectance - Fourier transform infrared spectroscopy 
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(ATR-FTIR) was used to determine the type of lubricant present on thirty condoms of 
different brands and types.  A direct extraction methodology using hexane was then 
established to isolate the lubricant and potentially the respective additives from ten unused 
condom of various brands and types previously determined by ATR-FTIR to contain 
PDMS lubricant.  A direct extraction was also conducted on two condoms reported to 
contain spermicidal lubricant and on one condom reported to contain benzocaine, using 
methanol as an extraction solvent.  The extracted lubricant was then used in the creation of 
biological fluid/lubricant mixture samples.  The potential interferences of blood and saliva, 
separately, were evaluated.  Two types of biological fluid/lubricant samples were analyzed- 
biological fluid/lubricant suspensions and biological fluid/lubricant contrived casework 
samples.  These samples were then extracted with three different extraction solvents- 
hexane, methanol and methylene chloride- for analysis by diffuse reflectance infrared 











2. MATERIALS AND METHODS 
2.1 Instrumental Theory  
2.1.1 Fourier Transform Infrared (FTIR) Spectroscopy  
On the electromagnetic spectrum, infrared (IR) light extends from 4000 cm-1 to 400 
cm-1 (wavenumber) and is thus characterized by low energy and long wavelength relative 
to UV light.  Due to the lower energy of said light, vibrational excitation of covalently 
bonded atoms occurs rather than the excitation of electrons characteristic of higher energy 
light.  A dipole moment must occur as an atom vibrates in order for IR absorption to occur.  
As a non-destructive form of analysis, FTIR is used to determine the functional groups 
present within organic molecules.  The typical infrared instrumentation set-up is comprised 
of a light source, beam splitter, multiple mirrors – both stationary and moving- and a 
detector, as depicted in Figure 6.  Infrared analysis is an exclusively qualitative method; in 
order to quantitate a subsequent technique such as GC-MS is required.   
 















There are three zones of the infrared spectrum: far-IR, mid-IR and near-IR, ranging 
from approximately 400 to 10 cm-1, 4000 to 400 cm-1 and 14000 to 4000 cm-1, respectively 
(46). The mid-IR can be further broken down into two regions- the functional group region 
(approximately 4000 to 1400 cm-1) and the fingerprint region (approximately 1400 to 400 
cm-1) (46)  as seen in Figure 7.   
 
 
Figure 7.  Mid-IR Zone Regions. 
 
2.1.1.1 Attenuated Total Reflectance (ATR) 
Attenuated total reflectance (ATR) relies on the internal reflections within a sample 
in order to create an absorbance spectrum.  A crystal accessory of high refractive index is 
used, and the combination of the high refractive index and the crystal structure facilitates 
a series of reflections called an evanescent wave or multiple internal reflections (MIR)(47). 

























ATR works best for thick or strongly absorbing samples and is the preferred analytical 
method for liquid samples as well (48).  
 
Figure 8.  ATR Schematic.  
 
2.1.1.2 Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS) 
In diffuse reflectance infrared Fourier transform spectroscopy (DRIFTS), the 
sample is contained in a sample cup filled with a mixture of the sample and finely ground 
potassium bromide (KBr).  The infrared beam is reflected off of the surface layer as well 
as the particles below (49), which causes the light to scatter. An internal mirror collects the 
scattered light and directs it towards the detector (50). DRIFTS may be used in the analysis 
of both organic and inorganic samples capable of being ground finely and mixed with a 
matrix such as KBr.  
 











2.1.2 Infrared Analysis of Condom Lubricants 
Both the PEG and PDMS infrared spectra are unique, which allows them to be 
easily differentiated.  The water-soluble PEG is characterized largely by a hydroxyl stretch 
in the functional group region.  The silicone-based PDMS is distinguishable by its 
characteristic siloxane stretches in the fingerprint region.  Table 1 specifies the 
predominant peaks associated with the PDMS and PEG infrared spectra, respectively.  
 
Table 1.  Predominant FTIR Peaks for PDMS and PEG Lubricants (36). 
 
2.2 Condom Brands Evaluated  
Thirty different condoms, of various brands, types and lot numbers, were obtained.  
A complete inventory of the products obtained is provided in Appendix A.   
 
2.3 Reagents and Instrumentation   
2.3.1 Standards/Reagents  
Mid IR Spectrum Region PDMS PEG 
Functional Group 
4000 to 1400 cm-1 
 
Asymmetric CH3 stretch, ~2964 cm
-1 
 
OH stretch, ~3472 cm-1 
 




1400 to 400 cm-1 
  
CH3 asymmetric bending, ~1408 cm
-1 
 
CH3 symmetric bending, ~1262 cm
-1 
 
Si-O-Si stretch, ~1086 and 1020 cm-1 
 
Methyl rocking and Si-C stretch, ~869 and 795 cm-1 
 
Si-C stretch, ~698 cm-1 
 
CH2 deformation, ~1462 cm
-1 
 
CH2 wag, ~1348 cm
-1  
 
C-H deformation, ~1277 cm-1 
 
Out of phase C-O stretch, ~1111 cm-1 
 
In plane symmetric C-O-C stretch, ~953 and 843 cm-1 
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Certified standards of poly(ethylene)glycol, dimethylpolysiloxane (200cst) and 
nonoxynol 9 were purchased from Sigma Aldrich (St. Louis, Missouri, USA).  An 86-87% 
Glycerol solution and IR Grade, Potassium Bromide Crystal, SpectrumTM were purchased 
from Fisher Scientific (Hampton, New Hampshire, USA).  
For the extraction protocol, GC Resolv® Methanol, GC Resolv® n-Hexane, and 
Methylene Chloride were purchased from Fisher Scientific (Hampton, New Hampshire, 
USA).  
2.3.2 FTIR Instrumentation  
Analysis was conducted on a Nicolet 6700 FT-IR (Hampton, New Hampshire, 
USA).  Analytical parameters were set to 64 scans per run, a resolution of 4, a background 
sample collected between each run, and the y axis value as percent transmittance (%T).  
Data collection was completed on OMNIC 7.3 (Driver Version: Nicolet 6700, Firmware 
Version: 2.09) 
 
2.4 ATR Methodology 
 For ATR analysis, a Thermo Fisher Corporation Smart Orbit was used (Madison, 
Wisconsin, USA).  
2.4.1 Analysis of Standards  
The PDMS, PEG, glycerol solution, nonoxynol 9 standards were analyzed by 
transferring a cotton swab concentrated with a drop of each standard onto the diamond 
anvil cell.  The individual spectra were saved to the library to later be used for spectral 
subtraction.  The spectra of the standards can be found in Figures 10-13.  
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Figure 10.  Infrared Analysis of PDMS (200 cST) Standard (Sigma Aldrich).   
 
Figure 11.  Infrared Analysis of PEG (MW 300) Standard (Sigma Aldrich). 
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Figure 12.  Infrared Analysis of Glycerol Solution (Sigma Aldrich).   
 
 
Figure 13.  Infrared Analysis of Nonoxynol 9 Certified Reference Standard (Sigma Aldrich).  Note that 




2.4.2 Analysis of Condoms  
In order to determine the general lubricant type of thirty condom products, ATR 
analysis was conducted.  The diamond cell was cleaned using a Fisherbrand® sterile alcohol 
prep pad before each analysis and allowed to dry.  A background sample was then 
collected.  A sample of the lubricant was taken by swabbing the outside of the condom 
which was then transferred onto the diamond anvil cell.  The ATR probe was then secured 
tightly and the sample was analyzed.  A library search was conducted to determine the 
lubricant type.  Following the determination of lubricant type, ten condom products were 
selected for further study.  
Once the general lubricant type of each condom was determined, a spectral 
subtraction was conducted using the spectrum of the standard for said lubricant, to 
determine any additives that may be present.  A library search was conducted to determine 
the identity of any additives present.  
 
2.5 Sample Preparation and Extraction Methodology  
For the established extraction methodology: Eisco Low Form Beakers (Borosilicate 
Glass), DWK Life Sciences KimbleTM KIMAXTM Reusable Borosilicate Glass Tubes with 
Plain End, and FisherbrandTM High - Form Porcelain Crucibles were purchased from Fisher 
Scientific (Hampton, New Hampshire, USA).  An Emerson Branson Bransonic Ultrasonic 
Bath and Fisher Scientific Isotemp® were also used.  Bemis Parafilm was used to cover the 
beakers for the long-term storage of the lubricant extracts.  
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For the control and biological fluid/lubricant samples, blood and saliva were 
donated anonymously in compliance with the Boston University School of Medicine 
Institutional Review Board (IRB) protocol.  For the biological fluid/lubricant samples, non-
sterile cotton tipped applicators from Henry Schein (Melville, New York, USA), Costar 
2.0 mL microcentrifuge tubes and size 10 stainless steel disposable scalpels from Excel 
International were purchased from Fisher Scientific.  
2.5.1 Control Sample Preparation and Extraction  
Six controls were prepared in hexane and later analyzed by DRIFTS.  The six 
controls included: solvent blank containing hexane only (SB1), blood only positive control 
(C1), PDMS only positive control (C2) and a mixture of equal parts PDMS and blood (M1); 
as well as a saliva only positive control (C3) and a mixture of equal parts PDMS and saliva 
(M2).  Due to the viscosity of the PDMS, one drop of PDMS from a transfer pipette was 
approximated to be 50 L.  For the methanol extraction, three controls were prepared: 
solvent blank containing methanol only (SB2), blood only positive control (C4), saliva 
only positive control (C5); for the methylene chloride extraction the following controls 
were prepared: a solvent blank containing methylene chloride only (SB3), blood only 
positive control (C6) and saliva only positive control (C7).  Once the appropriate volumes 
were added, the tubes were vortexed briefly and then centrifuged for 4 minutes.  The 





















SB1 500      500 
C1 450    50  500 
C2 450   ~ 50   ~500 
M1 400   ~ 50 50  ~500 
C3 450     50 500 
M2 400   ~ 50  50 ~500 
SB2  500     500 
C4  450   50  500 
C5  450    50 500 
SB3   500    500 
C6   450  50  500 
C7   450   50 500 
 
2.5.2 Hexane Extraction for Condom Lubricants 
Ten condoms, of various brands and types and determined to contain PDMS, were 
selected for further study; they are bolded in Appendix A.  A new, clean beaker was 
labeled, identifying the condom which was to be analyzed.  The empty beaker weight was 
recorded.  A new condom was unrolled, placed in the beaker and 50 mL of hexane was 
added.  The beaker was then sonicated for 20 minutes.  The condom was then removed and 
the beaker was placed on a hot plate set at 65 degrees Celsius (C) and evaporated to 
dryness.  The beaker was then re-weighed and the weight was recorded.  
2.5.2.1 Biological Fluid: Blood 
2.5.2.1.1 Blood/Lubricant Suspensions 
The previously extracted and evaporated to dryness condom lubricants were 
reconstituted in 1000 L of hexane.  The beakers were then sonicated for 5 minutes.  50 
L of the reconstituted lubricant from each condom was transferred to a labeled 
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microcentrifuge tube.  50 L of blood and 400 L of hexane were added to the 50 L of 
reconstituted lubricant in each microcentrifuge tube.  The microcentrifuge tube was then 
briefly vortexed and followed by centrifugation on a Phenix QuickSpin Micro Centrifuge 
at 6,000 rotations per minute (rpm) for 4 minutes.  This was repeated for each of the ten 
samples.  
2.5.2.1.2 Blood/Lubricant Contrived Casework Samples  
 100 L of a 1:2 dilution of blood was applied to a cotton swab and allowed to dry.  
50 L of the above-mentioned reconstituted, extracted condom lubricant was then added 
to the blood-stained cotton swab and allowed to dry.  Half of the cotton swab was cut using 
a scalpel and placed into a labeled microcentrifuge tube.  250 L of hexane was added to 
the microcentrifuge tube; the tube was briefly vortexed.  The cutting was allowed to extract 
for 30 minutes with intermittent vortexing.  The cutting was then removed from the 
microcentrifuge tube and the tube was vortexed.  This was repeated for each of the ten 
samples. 
2.5.2.2 Biological Fluid: Saliva  
2.5.2.2.1 Saliva/Lubricant Suspensions  
The saliva/lubricant suspensions were created in the same manner as the 
blood/lubricant suspensions referenced in section 2.5.2.1.1. For the saliva/lubricant 
suspensions 50 L of saliva was added to 400 L of hexane and 50 L of reconstituted 
lubricant extract.  These suspensions were centrifuged for 8 minutes as opposed to 4 
minutes for blood.  Due to the inherent translucency of saliva, the centrifugation time was 
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increased two-fold to ensure a visible pellet formation, which allowed for the clearer 
distinction between the biological fluid, lubricant and extraction solvent.  
2.5.2.2.2 Saliva/Lubricant Contrived Casework Samples 
 The saliva/lubricant contrived casework samples were prepared in the same manner 
as the blood/lubricant contrived casework samples referenced in section 2.5.2.1.2 however 
100 L of a 1:2 dilution of saliva was first applied and allowed to dry before adding 50 L 
of the reconstituted lubricant to the same swab.  The extraction procedure for these swabs 
was identical to that of the extraction procedure for the blood/lubricant contrived casework 
samples.  
2.5.3 Methanol Extraction for Condom Lubricants and Additives 
Two Trojan brand condoms containing spermicidal lubricants were obtained for 
further study on the extraction of nonoxynol 9 using methanol as a solvent.  In addition, 
one Durex brand condom, which was advertised as containing benzocaine, was also 
selected for further study using methanol as a solvent.  The condoms selected for methanol 
extraction are italicized in Appendix A.  
For this extraction, a new, clean beaker was labeled, identifying the condom that 
was to be analyzed.  The empty beaker weight was recorded.  A new condom was unrolled, 
placed in the beaker and 50 mL of methanol was added.  The beaker was sonicated for 20 
minutes and the condom was removed.  An additional new, clean beaker was obtained, 
labeled and weighed.  The condom that had previously undergone the methanol extraction 
was then added to this beaker.  50 mL of hexane was added to the beaker which was then 
sonicated for 20 minutes.  Following sonication, the condom was removed and discarded.  
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Each beaker was then was placed on a hot plate set at 65C, evaporated to dryness and was 
then re-weighed.  
2.5.3.1 Biological Fluid: Blood 
2.5.3.1.1 Blood/Lubricant and Additives Suspensions 
The blood/lubricant and additives suspensions were created in the same manner as 
the blood/lubricant suspension following hexane extraction described in section 2.5.2.1.1 
however a volume of 1000 L volume of methanol was used to reconstitute the dried 
lubricant residue.  Similarly, 400 L of methanol was added to the 50 L of blood and 50 
L of reconstituted lubricant residue.  This suspension was vortexed and centrifuged.  
2.5.3.1.2 Blood/Lubricant and Additives Contrived Casework Samples 
The blood/lubricant and additives contrived casework samples were created in the 
same manner as the blood/lubricant contrived casework samples referenced in section 
2.5.2.1.2 however a volume of 1000 L volume of methanol was used to reconstitute the 
lubricant residue.  250 L of methanol was used to extract half of the cotton swab tip for 
30 minutes with intermittent vortexing.  
2.5.3.2 Biological Fluid: Saliva  
2.5.3.2.1 Saliva/Lubricant and Additives Suspensions 
The saliva/lubricant and additives suspensions in methanol were prepared in the 
same manner as the blood/lubricant suspensions in methanol however 50 L of saliva was 
added to 50 L of reconstituted lubricant and 400 L of methanol.  The suspensions were 
centrifuged for a total of 8 minutes.  
2.5.3.2.2 Saliva/Lubricant and Additives Contrived Casework Samples  
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The saliva/lubricant and additives contrived casework samples were prepared in the 
same manner as the blood/lubricant contrived casework samples referenced in section 
2.5.3.1.2 however 100 L of a 1:2 dilution of saliva was first applied and allowed to dry 
before adding 50 L of the reconstituted lubricant to the same swab.  The extraction 
procedure for these swabs was identical to that of the extraction procedure referred to in 
section 2.5.3.2.1.  
2.5.4 Methylene Chloride Extraction for Condom Lubricant and Additives  
 The extracts derived from the three condoms that underwent a methanol extraction 
were reconstituted and further extracted using methylene chloride as a solvent.  
2.5.4.1 Biological Fluid: Blood 
2.5.4.1.1 Blood/Lubricant and Additives Suspensions 
1000 L of methylene chloride was used to reconstitute the dried lubricant.  50 L 
of this reconstituted lubricant was then added to 50 L of blood and 400 L of methylene 
chloride.  This suspension was vortexed and centrifuged for 4 minutes.  
2.5.4.1.2 Blood/Lubricant and Additives Contrived Casework Samples 
The blood/lubricant and additives contrived casework samples were created in the 
same manner as the blood/lubricant contrived casework samples referenced in section 
2.5.2.1.2 however 1000 L of methylene chloride was used to reconstitute the lubricant.  
Here, 250 L of methylene chloride was used to extract half of the cotton swab tip for 30 
minutes with intermittent vortexing.  
2.5.4.2 Biological Fluid: Saliva  
2.5.4.2.1 Saliva/Lubricant and Additives Suspensions 
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The saliva/lubricant and additives suspensions were prepared in the same manner 
as the blood/lubricant and additives suspensions in methylene chloride referenced in 
section 2.5.4.1.1 however the 50 L of blood was substituted for 50 L of saliva.  The 
suspensions were centrifuged for a total of 8 minutes. 
2.5.4.2.2 Saliva/Lubricant and Additives Contrived Casework Samples  
The saliva/lubricant and additives contrived casework samples were prepared in the 
same manner as the blood/lubricant and additives contrived casework samples referenced 
in section 2.5.4.1.2 however 100 L of a 1:2 dilution of saliva was first applied and allowed 
to dry before adding 50 L of the reconstituted lubricant to the same swab.  The extraction 
procedure for these swabs was identical to that of the extraction procedure referred to in 
section 2.5.4.1.2.  
2.5.5 PDMS Standard Dilution Series Sample Preparation 
A dilution series of 1:10, 1:100, 1:500 and 1:1000 of PDMS standard in hexane was 
prepared in individual microcentrifuge tubes.  The samples were briefly vortexed followed 
by centrifugation for 4 minutes.   
 
Table 3.  PDMS Standard Dilution Series Samples.  * The 1:100 dilution of PDMS in hexane was used to 
create the 1:1000 dilution. 
Dilution PDMS (L) Hexane (L) 1:100 (L) 
1:10 ~50 450  
1:100 ~50 4950  
1:500 ~50 25000  




2.5.6 Nonoxynol 9 Standard Dilution Series Sample Preparation 
A dilution series of 1:10, 1:20, 1:50, 1:100 and 1:1000 of N9 standard in methanol 
was prepared in individual microcentrifuge tubes.  The samples were briefly vortexed 
followed by centrifugation for 4 minutes.   
 
Table 4.  N9 Standard Dilution Series Samples.  * The 1:100 dilution of PDMS in hexane was used to 
create the 1:1000 dilution.  
Dilution N9 (L) Methanol (L) 1:100 (L) 
1:10 ~50 450  
1:20 ~50 950  
1:50 ~50 2450  
1:100 ~50 4950  
1:1000  25000 100* 
 
2.6 DRIFTS Methodology  
For DRIFTS analysis, a Thermo Scientific Thermo Electron Copr CollectorTM II 
Diffuse Reflectance Accessory was used (Madison, Wisconsin, USA).  
2.6.1 Analysis of Controls, Biological Fluid/Lubricant Samples and Dilution Series  
50 L of the extracted liquid from the aforementioned extraction method was added 
to a crucible containing KBr.  The KBr and extracted liquid was ground into a fine powder.  
The ground mixture was added to the sample cup, which was then placed into the DRIFTS 
attachment.  The hexane solvent blank (SB1) was used as the blank in the analysis of the 
hexane extracts as well as the PDMS dilution series.  The methanol solvent blank (SB2) 
was used in the analysis of the methanol extracts and the N9 dilution series, and the 
methylene chloride solvent blank (SB3) was used in the analysis of methylene chloride 
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extracts.  Following each sample analysis, a library search was conducted to confirm the 
lubricant type.  
2.6.2 Spectral Subtraction  
          Spectral subtraction was used in the evaluation of the spectra obtained in the DRIFTS 
analysis of the lubricants extracted using methanol as a solvent.  For the blood/lubricant 
and additives suspensions and blood/lubricant and additives contrived casework samples, 
the blood only positive control in methanol (C4) was used; for the saliva/lubricant and 
additives suspensions and saliva/lubricant and additives contrived casework samples, the 
saliva only positive control in methanol (C5) was used.  Spectral subtraction was also used 
in the evaluation of the spectra obtained in the DRIFTS analysis of the lubricant additives 
using methylene chloride as a solvent.  Upon the identification of basic lubricant type as 
PDMS or PEG, the infrared spectrum of the respective standard was subtracted in an effort 




















3. RESULTS AND DISCUSSION 
3.1 PDMS Standard Dilution Series  
A semi-quantitative assessment of PDMS detection by DRIFTS was conducted 
with PDMS/hexane dilutions in quantities of: 1:10, 1:100, 1:500 and 1:1000, the spectrum 
of each can be found in Figure 14.  The characteristic absorptions of a PDMS infrared 
spectrum- at approximately 2964, 1262, 1086, 1020 and 795 cm-1, respectively, can be 
observed in the 1:10, 1:100 and 1:500 dilutions.  Beyond the 1:500 dilution, these 
distinguishing features are no longer observed; and thus, PDMS cannot be identified.    
This dilution series provided valuable information for the limit of detection of 
PDMS by DRIFTS.  PDMS is likely to be diluted once it is collected during a SAECK, as 
a result of potential drainage, bleeding or other activities such as movement, urination, 
douching or washing.  Dilution of PDMS in hexane for this semi-quantitative assessment 
also reflects the use of hexane as a solvent as well as its potential as an additional diluent. 
Figure 14.  PDMS Standard Dilution Series in Hexane.  PDMS in hexane made in dilutions of: 1:10 (top), 
1:100, 1:500, and 1:1000 (bottom). 
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3.2 Nonoxynol 9 Dilution Series  
A semi-quantitative assessment of N9 detection by DRIFTS found that N9 could 
not be detected beyond a 1:100 dilution of N9 in methanol.  The spectra of dilutions of N9: 
1:10, 1:20, 1:50, 1:100 and 1:1000 can be found in Figure 15.  The results of this dilution 
series reflect why the detection of nonoxynol 9 may be complicated by the presence of 
biological fluids, which in turn further dilute the additive present in already lower amounts 
in comparison to the condom lubricant.  As a result of its amphiphilic properties, nonoxynol 
9 may also be absorbed internally prior to intimate swab collection for a SAECK, which 
may also explain the failure to detect the additive in casework samples.   
 
Figure 15.  N9 Standard Dilution Series in Methanol.  Nonoxynol 9 in methanol made in dilutions of: 1:10 
(top), 1:20, 1:50, 1:100 and 1:1000 (bottom). 
 
 
3.3 Control Samples  
For the hexane extraction, control samples including: a solvent blank consisting of 
500 L of hexane, a blood only positive control, a PDMS only positive control, a mixture 
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of equal parts blood and PDMS as well as a saliva only positive control, and a mixture of 
equal parts saliva and PDMS were prepared and analyzed via DRIFTS.  For the methanol 
extraction: a solvent blank consisting of 500 L of methanol, blood only positive control, 
saliva only positive control were prepared and analyzed via DRIFTS; these same controls 
were also prepared using methylene chloride.  
Upon the addition of blood to the volume of hexane, the blood immediately 
coagulated at the bottom of the microcentrifuge tube.  This prevented complications in the 
analysis of blood and PDMS mixtures as the blood was easily distinguishable from the 
PDMS in solution both in color and solubility.  PDMS was detected in the PDMS only 
positive control (C2) as well as in PDMS and blood mixture (M1) and PDMS and saliva 
mixture (M2) thereby demonstrating the ability to detect PDMS succeeding a hexane-based 
extraction.  
The observed behavior of blood within methanol suggests that blood does in fact 
have some solubility in methanol.  This behavior indicated the possibility of complications 
in the isolation of the lubricant and additives in the presence of biological fluids moving 
further. 
Upon the addition of blood to the volume of methylene chloride, the blood 
coagulated similarly to blood in hexane.  This behavior lent to a much cleaner sample 
extraction compared to the extraction of blood in methanol.  
These control samples were analyzed in order to identify any contributions of the 
solvents and biological fluids- blood and saliva, respectively, to the spectrum of a lubricant 
sample extracted in the presence of each fluid.  Figures 16-17 represent the spectra obtained 
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for each of the blood and saliva only positive controls in the respective solvents.  The blood 
only controls in hexane and methylene chloride have very similar absorptions (Figure 16).  
Absorptions at approximately 3500 cm-1 are observed in the saliva only positive control in 
all three solvents (Figure 17). 
 
 
Figure 16.  Blood Only Positive Controls.  Infrared analysis of blood in hexane (top), methanol, and 
methylene chloride (bottom).  
 
 
Figure 17.  Saliva Only Positive Controls.  Infrared analysis of saliva in hexane (top), methanol, and 
methylene chloride (bottom). 
40 
3.4 Condom Lubricant Type Determination  
Three basic lubricants were identified by ATR-FTIR analysis: PDMS, PEG, and 
glycerol.  Of the thirty condoms analyzed using ATR for general lubricant type, 83.3% 
were identified as PDMS (n=25); 6.7% were PEG (n=2); 6.7% were Glycerol (n=2); and 
3.3% were other (n=1).  The “other” lubricant was determined to be betaine following a 
library search.  The lubricant on thirty condoms of various brands and types identified by 

















Table 5.  Infrared Analysis of Condom Lubricants by ATR-FTIR.  * Swab of inside of condom.   + Swab 
of condom packaging. 
Brand Type  PDMS PEG Glycerol Other 
ATLAS Ultra- Lubed X       
Durex 
Apple X       
Extra Sensitive X       
Extra Sensitive Ribbed  X       
Natural Feeling Non-Lubricated     X   
Performax Intense  X       
Performax Intense*   X     
Pleasure Max  X       
Strawberry  X       
Tropical (Gold) X       
Tropical (Green) X       
Tropical (Red) X       
Glyde 
ULTRA Natural flavor latex condom (Blueberry) X       
ULTRA Natural flavor latex condom (Strawberry) X       
ULTRA Natural flavor latex condom (Vanilla) X       
ULTRA Natural flavor latex condom (Wildberry) X       
KY  
Me & You  
Intense  X       
Lifestyles Ultra Sensitive Premium Lubricated Latex Condom  X       
Okamoto  Almost Nothing  004 Aloe        X  
SKYN Lubricated Premium Non-latex Condom X       
Trojan 
ENZ Amor Spermicidal Lubricant  X       
ENZ Lubricated X       
Her Pleasure Sensations Amor Spermicidal Lubricant X       
Her Pleasure Sensations Lubricated X       
Magnum Ecstasy Ultrasmooth Lubricant X       
Magnum Fire and Ice   X     
Microsheer Polyurethane Ultra- thin Lubricated X       
Natural Lamb Luxury Condoms      X   
Twisted Lubricated X       
Ultra Ribbed Armor Spermicidal Lubricated X       
Ultra Ribbed Armor Spermicidal Lubricated + X       
Ultra Ribbed Lubricated X       
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Figure 18 represents the infrared spectrum of the lubricant of a red Durex Tropical 
condom, determined to contain PDMS, together with the infrared spectrum of a PDMS 
standard.  Little variation can be observed between the two spectra.  Due to the marketing 
of this condom as “flavored”, contributing additives to aid in flavor would be expected to 
be in either the lubricant or condom sheath itself.  As depicted in the spectra, no 
components other than the PDMS lubricant were detected when the condom was swabbed 
and analyzed via ATR-FTIR.  This suggests that ATR-FTIR is a suitable method for the 
detection of general lubricant type but cannot determine any additional additives that may 
be present at low levels in the lubricant following the analysis of a swab of a condom 
without extraction.  
 




Figure 19 represents the infrared spectrum of the lubricant of a Trojan Magnum 
Fire and Ice condom determined to contain the lubricant PEG and the infrared spectrum of 
a PEG standard.  Similar to the previously mentioned PDMS condom, little deviation can 








Figure 20 represents the infrared spectrum of the lubricant of a Durex Natural 
Feeling condom identified as containing glycerol with the infrared spectrum of a glycerol 
solution.  Generally, the condoms marketed as “natural” and “non-lubricated” condoms 
were identified as containing glycerol.  
 
 




An unknown gelatinous material of vaseline-like consistency was observed on the 
inside of the Durex Performax Intense condom and a swab was collected and analyzed.  
The analysis of a swab taken of the outside of the condom identified the lubricant as PDMS 
whereas the material located on the inside of the condom was identified as PEG.  Figure 
21 represents the two spectra obtained from the Durex Performax Intense condom.  
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Figure 21.  Infrared Analysis of Durex Performax Intense Condom Lubricant.  Infrared analysis of the 
outside of a Durex Performax Intense condom identified PDMS (top) and an unknown material of vaseline-
like consistency located on the inside of the condom was identified as PEG (bottom). 
 
 
A similar unknown material to that previously observed in the Durex Performax 
Intense condom, was observed in the packaging of the Trojan Ultra Ribbed Armor 
Spermicidal Lubricant condom.  Following a spectral subtraction of the condom spectrum 
obtained by ATR, the spermicide N9 was identified.  The spectral subtraction results are 
depicted in Figure 22.  
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Figure 22.  Trojan Ultra Ribbed Armor Spermicidal Lubricant Condom Packaging.  The identification 
of nonoxynol 9 on the condom packaging (top) overlaid with the nonoxynol 9 standard spectrum (bottom) 
analyzed by ATR-FTIR.  
 
 
 Across six brands, condoms containing PDMS lubricant showed little variation, as 
depicted in Figure 23.  The four predominant siloxane stretches are evident in each of the 
six condoms.  Two of the six condoms contained within Figure 23 are flavored condoms; 
no additional absorbances are reflected in their spectra to suggest the presence of a 
detectable additive through analysis by ATR-FTIR.  There is a significant absorbance at 
1460 cm-1 in the infrared spectrum of the KY Me & You Intense condom; this condom is 
marketed as containing benzocaine thus it is possible that this absorbance is indicative of 
an additive present.  The finding of similarity amongst the six brands is significant because 
regardless of manufacturer, the infrared absorption of a PDMS lubricant remains 
consistent, with little to no observable variation, by ATR-FTIR.  
47 
Figure 23.  Infrared Analysis of Six Brands of Condoms (Atlas, Durex, Lifestyles, Trojan, KY and 
Glyde) Containing PDMS Lubricant.  
 
 Generally, the analysis of a swab of a condom or its packaging by ATR-FTIR is 
sufficient enough to identify the basic lubricant added to a lubricated condom.  Condoms 
assumed to contain additives to contribute to flavoring, increased sensation, and/or 
desensitizing were analyzed by this method but no such additives were detected.  Spectral 
subtractions were conducted in an effort to detect any additives that may have been masked 
by the absorbances of the predominant lubricant.  Spectral subtraction of the absorbance 
profiles identified N9 in one of the thirty condoms although multiple condoms were 
believed to contain the spermicide based upon packaging information.  The detection of 
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N9 may have been limited to the area swabbed as the location of N9 may experience inter-
variation between manufactures or intra-variation within or between production lots.  In 
addition, library searches and spectral subtraction results reflect the quality of the library; 
if the components that contribute to the flavoring, sensitizing or desensitizing, are not 
stored within the library being searched, then their presence, indicated by their respective 
absorbances, will be not recognized.  
 
3.5 Direct Extraction of Condoms for Lubricants and Additives 
 Two extraction methodologies were explored using hexane and methanol to obtain 
condom lubricants and additives directly from condoms.  These solvent choices reflected 
the conclusions of the literature in that PDMS is soluble in hexane whereas PEG is soluble 
in methanol (15,25,35,41,42).   
Hexane was the solvent of choice for the extraction of PDMS lubricated condoms 
due to the nonpolar nature of the lubricant.  The hexane extraction was successful in 
obtaining the PDMS lubricant from ten different condoms of various brands.  The average 
extracted volume, after evaporation to dryness, was 0.349 grams (g), as seen in Table 6.  
The evaporation temperature was set to 65C as hexane’s boiling temperature is 
reported as 68-69C (51). This temperature was chosen to minimize the time needed to 






Table 6.  Extraction of Ten Condoms for Lubricant (Hexane).   







ATLAS Ultra-Lubed 46.13 46.30 0.17 ~75 
Durex Extra Sensitive 48.21 48.51 0.30 ~180 
Durex Extra Sensitive Ribbed 48.36 48.71 0.35 ~180 
Durex Performax Intense 48.66 49.16 0.50 ~120 
Durex Tropical (Green) 48.09 48.21 0.12 ~120 
KY Me & You Intense 46.99 47.40 0.41 ~120 
Lifestyles Ultra Sensitive 46.90 47.25 0.35 ~180 
Trojan Her Pleasure Sensations 
Armor Spermicidal Lubricant 46.82 47.27 0.45 ~120 
Trojan Her Pleasure Sensations 
Premium Lubricant 47.25 47.71 0.46 ~180 
Trojan Ultra Ribbed Armor 
Spermicidal Lubricant 47.01 47.39 0.38 ~180 
Total (Average)   0.349 ~145.5 
 
A methanol extraction was developed in an effort to extract the spermicide, N9, 
from condoms advertised as containing “spermicidal” lubricants.  A condom marketed as 
containing the topical anesthetic benzocaine was also extracted using methanol in an effort 
to identify this purported additive as well as potentially PEG, which was determined earlier 
by ATR-FTIR (Figure 21) to be present in this condom along with PDMS.  Methanol was 
chosen as the solvent of choice as it has been reflected in the literature that additives are 
often found in combination with water-based/soluble lubricants such as PEG.  The 
methanol extraction was performed first in an effort to elute the additives from these 
condoms.  A hexane extraction was employed subsequent to the methanol extraction to 
evaluate the solubility of PDMS in hexane after an initial extraction in methanol.  The 
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average methanol extracted lubricant and additives volume, after evaporation to dryness, 
was 0.30 g, as seen in Table 7. 
The extraction temperature was set to 65C as methanol’s boiling temperature is 
reported as 64.7-65C (52).  This temperature was chosen to minimize the time needed to 
evaporate 50 mL of hexane; evaporation took on average, approximately 307 minutes 
(Table 7).  
 
Table 7.  Extraction of Three Condoms for Lubricant and Additives (Methanol).  
Condom 








Trojan Ultra Ribbed Armor 
Spermicidal Lubricant 50.43 50.49 0.06 ~300 
Trojan ENZ Armor 
Spermicidal Lubricant 48.32 48.39 0.07 ~280 
Durex Performax Intense 48.73 49.51 0.78 ~340 
Total (Average)   0.30 ~306.7 
 
The neat methanol lubricant extracts were analyzed by DRIFTS and both PDMS 
and N9 were identified in the two condoms marketed as containing spermicidal lubricants 
(Figures 24, 25).  This finding indicates that PDMS is not completely insoluble in 
methanol.  The co-extraction of PDMS and N9 observed in Figures 24 and 25 complicates 
the interpretation of the infrared spectrum as significant absorbances overlap and/or mask 
one another.  PDMS was also identified in the hexane extraction subsequent to the 
methanol extraction thereby demonstrating that while it is slightly soluble in methanol 
PDMS is still able to be extracted in hexane (Figure 26).   
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Figure 24.  Trojan Ultra Ribbed Armor Spermicidal Lubricant Condom (Direct Methanol Extraction).  
Infrared analysis of Trojan Ultra Ribbed Armor Spermicidal Lubricant condom showing indications of the 
presence of PDMS following methanol extraction (top).  A spectral subtraction of condom lubricant and 
PDMS standard indicates the contributions of the spermicidal additive N9 (bottom). 
 
       
  
Figure 25.  Trojan ENZ Armor Spermicidal Lubricant Condom (Direct Methanol Extraction).  Infrared 
analysis of Trojan ENZ Armor Spermicidal Lubricant condom showing indications of the presence of PDMS 
following methanol extraction (top).  A spectral subtraction of condom lubricant and PDMS standard 
indicates the contributions of the spermicidal additive N9 (bottom).   
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Figure 26.  Trojan ENZ Armor Spermicidal Lubricant Condom and Trojan Ultra Ribbed Armor 
Spermicidal Lubricant Condom (Direct Hexane Extraction Subsequent to Methanol).  Infrared analysis 
of Trojan ENZ Armor Spermicidal Lubricant condom (top) and Trojan Ultra Ribbed Armor Spermicidal 
Lubricant condom (bottom) showing indications of the presence of PDMS in hexane extract following a 
preliminary methanol extraction.   
 
 
Similarly, a sample of the methanol extracted lubricant of a Durex Performax 
Intense condom, marketed as containing benzocaine, was analyzed by DRIFTS; PEG was 
identified in this sample, as seen in Figure 27.  Benzocaine could not be identified in this 
lubricant; despite this, the effectiveness of methanol in the extraction of the water-soluble 
lubricant PEG was established.  
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Figure 27.  Durex Performax Intense Condom (Direct Methanol Extraction).  Infrared analysis of Durex 
Performax condom to identify the presence of PEG following methanol extraction (bottom) overlaid with 
PEG standard (top).   
 
 
DRIFTS analysis identified PDMS in a Durex Performax Intense condom 
following hexane extraction subsequent to methanol (Figure 28).  The presence of PDMS 
as a lubricant on this condom had been previously established, however this confirmed that 
two lubricant types were contained within a single condom- both PDMS and PEG; and that 
both could be extracted. 
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Figure 28.  Durex Performax Intense Condom (Direct Hexane Extraction Subsequent to Methanol).  
Infrared analysis of Durex Performax Intense condom (bottom) showing indications of the presence of PDMS 
in hexane extract following a preliminary methanol extraction, overlaid with PDMS standard (top).   
 
3.6 Detection of Condom Lubricants and Additives in the Presence of Biological 
Fluids 
3.6.1 Hexane Sample Extraction 
The extracted lubricant of the ten PDMS lubricated condoms of various brands and 
types was then added to volumes of blood and saliva in suspension.  These mixtures were 
then extracted in a volume of hexane.  The addition of hexane caused the blood to coagulate 
and allowed the PDMS to be isolated and identified in the hexane solution.  Upon vortexing 
and centrifugation, there was a clear distinction between the saliva and hexane/lubricant 
solution which allowed for PDMS to be isolated.  
These mixtures were then added to cotton swabs, which had been pretreated with 
either blood or saliva and allowed to dry, followed by extraction in hexane.  These 
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blood/lubricant contrived casework samples reflect those that may be collected in a 
SAECK if a woman is menstruating during the violent act or if bleeding is a result of injury.  
The blood remained adsorbed to the cotton swab tip while the PDMS was extracted into 
the hexane solution for analysis by DRIFTS.  The saliva/lubricant mixture samples reflect 
those that may be collected in a SAECK if saliva is used as an additional lubricant during 
the commission of the act or if an oral assault occurred and the perpetrator was wearing a 
condom.  Figures 29-33 provide a comparison of the infrared data obtained by the DRIFTS 
analysis for blood/lubricant and saliva/lubricant contrived casework samples for five of the 
representative brands analyzed.  Generally, no additional components such as additives 
were detected when a hexane extraction was employed.   
 
Figure 29.  Atlas Ultra-Lubed Condom Contrived Casework Samples (Hexane Extraction).  The 
identification of PDMS in Atlas Ultra Lubed condom contrived casework samples (blood/lubricant (top); 




Figure 30.  Durex Tropical (Green) Condom Contrived Casework Samples (Hexane Extraction).  The 
identification of PDMS in green Durex Tropical condom contrived casework samples (blood/lubricant (top); 
saliva/lubricant (bottom)) extracted in hexane displayed from 1800 cm-1 to 600 cm-1 to display predominant 




Figure 31.  KY Me & You Intense Contrived Casework Samples (Hexane Extraction).  The 
identification of PDMS in KY Me & You condom contrived casework sample (blood/lubricant (top); 




Figure 32.  Lifestyles Ultra Sensitive Premium Lubricated Latex Condom Contrived Casework 
Samples (Hexane Extraction).  The identification of PDMS in Trojan Ultra Ribbed Armor Spermicidal 





Figure 33.  Trojan Ultra Ribbed Armor Spermicidal Lubricant Condom Contrived Casework Samples 
(Hexane Extraction).  The identification of PDMS in Trojan Ultra Ribbed Armor Spermicidal Lubricant 
condom contrived casework samples (blood/lubricant (top); saliva/lubricant (bottom)) extracted in hexane. 
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3.6.2 Methanol Sample Extraction  
The methanol extraction and analysis of condom lubricants from two Trojan 
spermicidal lubricated condoms (Trojan ENZ Armor Spermicidal Lubricant, Trojan Ultra 
Ribbed Armor Spermicidal Lubricant) and one Durex condom marketed as containing 
benzocaine (Durex Performax Intense) in the presence of biological fluids proved more 
complicated than hexane extraction.  Despite the isolation of the lubricant from the 
biological fluid/lubricant and additives suspensions of all three evaluated condoms as well 
as the isolation of nonoxynol 9 in one of the two Trojan spermicidal condoms in these 
samples, neither lubricant nor additives could be detected in the contrived casework 
samples extracted with methanol as a solvent.  The infrared spectrum reflected only the 
contributions of blood and saliva in methanol, respectively (Figures 34-35).  Therefore, it 
was concluded that while methanol is efficient in the direct extraction of condom lubricants 
and additives from condoms, it is not effective in the extraction of these components in the 
presence of biological fluids.  This is likely due to the solubility of the biological fluids in 
the solvent, which then masks any contributions of the lubricant or additives.  
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Figure 34.  Trojan ENZ Armor Spermicidal Lubricant Condom Blood/Lubricant and Additives 
Contrived Casework Sample (Top) and Blood Only Positive Control (Bottom) (Methanol Extraction).  
The infrared analysis of the Trojan ENZ Spermicidal Lubricant condom blood/lubricant and additives 




Figure 35.  Trojan ENZ Armor Spermicidal Lubricant Condom Saliva/Lubricant and Additives 
Contrived Casework Sample (Top) and Saliva Only Positive (Bottom) (Methanol Extraction).   
The infrared analysis of the Trojan ENZ Spermicidal Lubricant condom saliva/lubricant and additives 
contrived casework sample identified only the presence of saliva in methanol. 
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3.6.3 Methylene Chloride Sample Extraction  
As a result of the failure to identify condom lubricants and additives in the 
contrived casework samples extracted with methanol, the capabilities of methylene 
chloride as an extraction solvent were explored.  The use of methylene chloride is also 
reflective of previously conducted studies seeking to eliminate multi-step sample 
extractions.  Methylene chloride was used to reconstitute the methanol extracted 
lubricants from the three condoms and was also used as the extraction solvent in the 
biological/lubricant and additives suspensions as well as the contrived casework samples.   
Similar to blood in hexane, blood in methylene chloride coagulated and formed a clot but 
at the top of the liquid.  The reaction of blood in the solvent allowed for a cleaner sample 
extraction compared to the methanol sample extraction.  The lubricant reconstituted in 
methylene chloride was analyzed by DRIFTS; contributions of both PDMS and N9 could 
be detected in the two spermicidal lubricated condoms and only PEG could be identified 
in the Durex brand condom.  The contributions of nonoxynol 9 could be observed 
following a spectral subtraction of the PDMS standard from the spectrum of the 
reconstituted condom lubricant.  In both biological fluid/lubricant and additives 
suspensions contributions indicative of the presence of both PDMS (Figures 36-37) and 
N9 were detected in the Trojan ENZ Armor Spermicidal Lubricant condom (Figure 38).  
In all biological fluid/ lubricant and additives samples, only PDMS was detected in the 
Trojan Ultra Ribbed Armor Spermicidal Lubricant condom and only PEG was detected in 
the Durex Performax Intense condom.  The detection of N9 in the neat, reconstituted 
lubricant of the Trojan Ultra Ribbed Armor Spermicidal Lubricant condom but the failure 
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to detect the additive in both suspensions and contrived casework samples suggests that 
perhaps the amount of N9 contained within this individual condom’s lubricant differs in 
comparison to the Trojan ENZ Armor condom.  In the contrived casework samples, only 
the basic lubricant types, PDMS and PEG, could be identified in all three of the 
condoms- PDMS in the two Trojan spermicidal condoms and PEG in the Durex 
Performax Intense condom (Figures 39-41).  Despite the failure to detect N9 in the 
contrived casework samples, as was previously detected in both biological fluid/lubricant 
and additives suspensions, the methylene chloride was capable of extracting PDMS and 
PEG for identification via DRIFTS.  The failure to detect the spermicide within the 
Trojan ENZ Armor Spermicidal Lubricant condom may be reflective of the failure to 
extract the additive, found in reduced quantities in comparison to the lubricant itself, 
from the cotton swab tip.  To evaluate this, a centrifugation step could be added to the 
extraction methodology established in an effort to elute the nonoxynol 9.  Methylene 
chloride demonstrated an ability to extract PDMS, PEG and N9 rendering it a more 
effective solvent compared to hexane which was capable of isolating only PDMS in the 
presence of biological fluids and methanol which failed to isolate any lubricants or 
additives in the presence of biological fluids.  
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Figure 36.  Trojan ENZ Armor Spermicidal Lubricant Condom Blood/Lubricant and Additives 
Suspension (Methylene Chloride Extraction).  Infrared analysis of a Trojan ENZ Armor Spermicidal 
Lubricant condom (top) blood/lubricant and additives suspension extracted in methylene chloride identified 
the contributions of PDMS following a library search.  
 
 
Figure 37.  Trojan ENZ Armor Spermicidal Lubricant Condom Saliva/Lubricant and Additives 
Suspension (Methylene Chloride Extraction).  Infrared analysis of a Trojan ENZ Armor Spermicidal 
Lubricant condom (top) saliva/lubricant and additives suspension extracted in methylene chloride identified 




Figure 38.  Presence of Nonoxynol 9 in Trojan ENZ Armor Spermicidal Lubricant Condom Lubricant 
and Additives Suspensions (Methylene Chloride Extraction).  Infrared analysis of the lubricant and 
additives of Trojan ENZ Armor Spermicidal Lubricant condom in suspensions of blood (middle) and in saliva 
(bottom) indicates the presence of nonoxynol 9 (top).  Common absorbances are observed between samples 
and N9 standard (top) at ~2668, 1458, and 1100 cm-1.   
 
 
Figure 39.  Trojan ENZ Armor Spermicidal Lubricant Condom Blood/Lubricant and Additives 
Contrived Casework Sample (Methylene Chloride Extraction).  Infrared analysis of a Trojan ENZ Armor 
Spermicidal Lubricant condom blood/lubricant and additives contrived casework sample extracted in 
methylene chloride identified the contributions of PDMS following a library search.  
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Figure 40.  Trojan Ultra Ribbed Armor Spermicidal Lubricant Condom Blood/Lubricant and 
Additives Contrived Casework Sample (Methylene Chloride Extraction).  Infrared analysis of a Trojan 
Ultra Ribbed Armor Spermicidal Lubricant condom blood/lubricant and additives contrived casework sample 
extracted in methylene chloride identified the contributions of PDMS following a library search.   
 
 
Figure 41.  Durex Performax Intense Condom Blood/Lubricant and Additives Contrived Casework 
Sample (Methylene Chloride Extraction).  Infrared analysis of a Durex Performax Intense condom 
blood/lubricant and additives contrived casework sample extracted in methylene chloride identified the 






4.1 Significance of Findings  
It was demonstrated that the lubricant type can be established by swabbing a 
condom for analysis by ATR-FTIR.  The ATR analysis indicated that minor variation exists 
between the PDMS lubricant used by different brands and manufacturers.  This analysis 
also showed that a more discriminating and sensitive method is required to identify 
additives for the purpose of flavoring, sensitizing or desensitizing in condoms. 
The efficacy of hexane as a solvent for the extraction of PDMS was demonstrated 
in contrived casework samples involving blood and saliva mixtures.  Hexane was an 
effective solvent for the extraction of PDMS from condoms as well as for the extraction of 
PDMS in mixtures with biological fluids that may be present as a result of a violent sexual 
act.  Methanol was an equally effective solvent for the respective extraction of N9 and PEG 
from condoms.  Following a methanol extraction, benzocaine was unable to be identified 
in a condom marketed as containing such.  It was also determined that PDMS is not 
completely insoluble in hexane as it was extracted and detected in the methanol extraction.  
Neither lubricants nor additives could be identified in the contrived casework samples 
extracted with methanol; thereby establishing its inefficiency and prompting the need for 
a solvent capable of this extraction.  Methylene chloride proved a more effective solvent 
compared to methanol, particularly in the presence of biological fluids.  In this respect, 
methanol may be used as an extraction solvent for both PDMS and PEG and the additive 
nonoxynol 9 directly from condoms for analysis but not for casework.  In the presence of 
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biological fluids, methylene chloride is capable of extracting PDMS, PEG and N9- only in 
the biological fluid/lubricant and additives suspensions, rendering it the most efficient 
solvent of the three studied.  Methylene chloride was capable of isolating both PDMS and 
PEG in the biological fluid/lubricant and additives contrived casework samples, though no 
additives, which made it the most efficient solvent compared to hexane and methanol.   
This research most closely reflects the type of analysis that would be undertaken in 
an investigation in which a condom wrapper has been recovered in possession of an alleged 
suspect and where the presence and identification of that specific condom lubricant 
composition on swabs collected in the SAECK is of forensic relevance.  This would in 
turn, create an associative link between the item of evidence recovered on the suspect and 
the evidence recovered in the SAECK.  As is with the nature of SAECK evidence, this 
evidence may be lost due to activity after the event such as cleaning, urinating, douching 
and movement.  This activity could directly affect the amount and quality of the lubricant 
collected within the intimate swabs, which then affects an analysts’ ability to detect these 
components at measurable and discernible levels.   
While FTIR can be utilized for the identification of condom lubricants, a more 
discriminatory analytical technique, such as a mass spectrometric method is required to 
confidently confirm the presence of additives such as flavoring, desensitizing and 
sensitizing agents, as demonstrated in the relevant literature (23–25,40).  Research into the 
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trace analysis of condom lubricants and additives continues to seek methodologies capable 
of distinguishing between and within brands of condoms.   
This research established that methylene chloride is the solvent of choice for the 
isolation and detection of condom lubricants and the spermicide nonoxynol 9 in the 
presence of biological fluids for analysis by DRIFTS.  The identification of condom 
lubricant residues is the preliminary step in identifying the unique chemical profile left by 
condoms.  A combination of this extraction and infrared analysis with further instrumental 
analysis such as a mass spectrometric approach, for example, GC-MS could generate a 
unique profile capable of distinguishing within and between brands.    
 
4.2 Future Directions  
The co-extraction of PDMS and nonoxynol 9 complicated the analysis as common 
absorbances mask and overlap one another on the infrared spectra.  Further research into 
the separation of these components in order to identify the discriminating and characteristic 
absorbances of each would lead to more confident conclusions on the presence of both in 
a single sample when analyzed by DRIFTS.  The presence of both lubricant and spermicide 
in a singular sample may better lend itself to an alternative analytical method capable of 
distinguishing multiple components in a single analysis.   
Further areas of research may include the identification of additives using a more 
discriminatory analytical method such as GC-MS.  The detection of additives may include 
68 
the presence of benzocaine, as it was unable to be detected here, as well as the flavor 
components, which were also unable to be detected using ATR-FTIR.  
The preliminary evaluation of thirty condoms by ATR identified the presence of 
PDMS, PEG, glycerol or other lubrication, such as betaine.  This knowledge then guided 
the succeeding experimental steps in the decision of which solvent to use for the extraction 
of these lubricants in biological fluid mixtures.  Further research may include the 
evaluation of condoms, and the extraction of lubricants in a “blind” setting, that is, without 
knowing the type of lubricant contained within a specific condom.  This would be more 
reflective of an investigation in which condom use is reported but the specific or suspected 
brand is entirely unknown to investigators and analysts.  This type of analysis could entail 
a methodology using methylene chloride for the concurrent extraction of PEG, PDMS and 
the respective additives.  
The potential interference of additional biological fluids may also be evaluated 
including menstrual blood.  Anonymous participation and donation of post coital swabs 
using condoms for further study may prove valuable, as this would be one of the most 
representative types of samples that may be collected in a SAECK. 
In the perpetration of sexual assault, lubricant from products other than condoms 
may be used.  The development of an extraction and detection methodology for sexual 
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lubricants and personal hygiene products in the presence of biological fluids would be 
valuable.  
Finally, for the contrived casework samples, one half of the swab was extracted; 
further research could explore the detection capabilities of condom lubricants and additives 



















APPENDIX A: CONDOM BRANDS EVALUATED 
 
Brand Type Quantity  Lot Number  Expiration  Packaging Additional Features 
ATLAS Ultra- Lubed 11 12N447 1/17 Gray   
Durex 
Apple 1 12F1232 2/17 Green   
Extra Sensitive 2 0010720704 4/17 Purple    
Extra Sensitive 
Ribbed  
2 0010653812 1/17 
Black/ 
Green   
1 0010653812 1/17 
Black/ 
Green   
Performax 
Intense  
3 1000495442 04/ 2022 Silver  
"Pleasant Scent" 
Contains a "delay 
lubricant" (male 
genital desensitizer)  
Active ingredient: 
5% Benzocaine  
3 1000776622 04/2023 Silver  
"Pleasant Scent" 
Contains a "delay 
lubricant" (male 
genital desensitizer)  
Active ingredient: 5% 
Benzocaine  
Pleasure Max  
1 0010665896 2/17 Pink    
1 0010665896 2/17 Pink    
Natural Feeling  
Non-Lubricated 
2 0010116601 1/16 Blue   
1 0010038615 11/15 Blue   
4 TGL1026 3/16  Blue   
2 22A10275 6/15 Blue   
1 22A10275 6/15 Blue   
4 22A10275 6/15 Blue   
2 22A10275 6/15 Blue   
1 22A10275 6/15 Blue   
1 22A10275 6/15 Blue   
Strawberry  1 12F580 1/17 Red   
Tropical 
4 17F4286S 10/31/2022 Red   
4 17F4286B 10/31/2022 Gold    




latex condom  
Vanilla  2 PV15961 1/16 
Light 




Strawberry 2 PS9201 2/13 Pink    
ULTRA  
Natural flavor 
latex condom  
Blueberry 2 BB15961 1/16 Blue   
ULTRA  
Natural flavor 
latex condom  
Wildberry 2 PW15931 11/15 Purple    
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KY  
Me & You  





Latex Condom  
2 1004071022 3/15 Gray   
1 1112142816 11/16 Gray   
31 1206041332 3/17 Gray   
Okamoto  
Almost Nothing  
 004 Aloe  3 J196 09/01/2021 
Lime 








 that is strong and 
sensitive"  
TROJAN 
ENZ Armor  
Spermicidal 
Lubricant  
1   9/15 Blue   
12   09/01/2022 Blue   
ENZ Lubricated  1   9/15 Blue   
Her Pleasure 
Sensations  









Lubricant 1   9/15 
Gold/ 
Black   
Magnum  
Fire and Ice 








Lubricated 1   3/17 
Gold/ 
Black   
Natural Lamb 
Luxury 
Condoms  2   10/15 
Black/ 
Gold   
Twisted 
Lubricated 1   2022/04/01 
Lime 





8   9/15 Yellow   
12   08/01/2022 Yellow   
Ultra Ribbed 
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